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Description 

RESTORING PERMEABILITY TO A POLYMER PLUGGED WELL 

Technical Field . 

The invention is a process to restore diminished permeability 
at or near a well bore used in an oil recovery process and, more 
particularly, an in situ process to chemically degrade an undesir- 
able accumulation of a high molecular weight synthetic polymer at or 
near the well bore to a lower molecular weight with an inorganic 
peroxide. 

Background Art 

Any number of high molecular weight, water-soluble polymers are 
commonly injected into subterranean oil-bearing formations to 
increase the rate or amount of oil production therefrom. The 
polymer is added to a chemical flood or waterflood as a viscosifier 
to improve the areal and vertical sweep efficiency of the flood. 
The polymer may also be injected in a polymer slug as a mobility 
buffer in sequence with a chemical slug to maintain the rheological 
stability of the chemical slug as it advances through a formation. 

Wells used to inject the polymer for these processes often 
experience excessive injectivi^y reduction over time. Excessive 
injectivity reduction translates to longer injection times and a 
diminished rate of oil production. This problan is attributable to 
an accumulation of a high molecular weight polymer residual at or 
near the well bore. The accumulated polymer causes permeability 
reduction at the injection wellbore face or in the rock matrix and 
fracture network near the wellbore. In a manner .Ji^nilc^i^ to 
injection wellbores, permeability reduction can occur at or near 
production wellbores where injected polymer is produced with the 
oil. On a macroscale the polymer accumulation at the wellbore face 
may resemble a gel-like material while on a microscale the polymer 
accumulation within the pores of the rock matrix may simply be the 
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buildup of discrete polymer molecules. Once polymer accumulation 
occurs, the polymer is not readily displaced awciy from the well bore 
by physical means and continues to build up over the duration of 
polymer injection or oil production. 

Attempts have been made in the art to solve the problem of 

r 

permeability reduction attributable to injected fluid. U.S. Patent 
3,529,666 to Crowe restores permeability to a subterranean formation 
Impaired by bacterial deposits by sequentially injecting a peroxide 
solution and an acid into the formation. U.S. Patent 3,555,221 to 
Haws et al teaches an in situ treatment of wells plugged with 
polymer deposits by injecting an aqueous solution having a pH 
greater than 8 and containing a halogenated compound such as sodium 
hypochlorite. U.S. Patent 4,234,433 to Rhudly et al teaches a method 
for treating a polymer before it is injected into a formation to 
reduce its plugging ability. An oxidizing chemical such as sodium 
hypochlorite is added to a polymer solution followed by a reducing 
chemical. The treated polymer solution is subsequently injected 
into the formation. 

The literature shows, that contacting an enhanced oil recovery 
(EOR) polymer with, a sodium hypochlorite solution In a workover can 
have significant unintended deleterious results. See Taggart and 
Russell, "Sloss Mi cellar/Polymer Flood Post Test Evaluation Well" at 
pp. 141-142, SPE/DOE 9781 (1981). As such, a process is needed to. 
effectively restore well bore permeabili-ty by degrading high molecu- 
lar weight polymer accumulated at or near the wellbore in situ with 
minimal undesirable impacts on oil production and oil field 
equipment. 

Disclosure of the Invention 

The present invention provides a process to restore perme- 
ability at or near a wellbore, after the wellbore or near wellbore 
region has experienced excessive permeability reduction due to the 
accumulation of a high molecular weight polymer at its face, in the 
rock matrix of the near wellbore region or the fracture network in 
communication with the wellbore^ The near wellbore region as 
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defined herein is a volume up to about 3*1 radial meters from the 
wellbore face. Polymer accumulation Is an undesirable, but some- 
times unavoidable, result of injecting a high molecular weight, 
^ water-soluble, synthetic organic polymer Into a subterranean forma- 
tlon.via a well to improve oil recovery from the formation. Large 
accumulations of the polymer are visually detectable as a gel-like 
material in backf lowed fluids from injection wells. Generally these 
gels ■ result when the polymer accumulates in relatively large 
volumes, e.g., in the wellbore at the face or in the fracture 
network communicating with the wellbore. The mechanism for polymer 
gelation is not fully understood. Gelation may be caused by: 
polymer cross-linking induced by metal cations from numerous sources 
including injection water, well tubulars and the formation rock; in 
situ reaction of the polymer to an insoluble form; or other as yet 
undetermined causes. Despite the uncertainty surrounding the gela- 
tion mechanism, it is clear that these gels greatly reduce the 
permeability of the wellbore face and fracture network. Smaller 
accumulations of the polymer, which may be invisible to the eye, 
also excessively reduce permeability in the rock matrix near the 
wellbore. The accumulation of a discrete number of extremely high 
molecular weight polymer molecules can substantially plug small 
pores in the formation and greatly reduce permeability therein. 

The present invention is an effective remedial in situ treat- 



ment process for attacking, degrading and dispersing the high 
molecular weight polymer once it has accumulated in or near the 



wellbore. The process comprises injecting an aqueous inorganic 
peroxide solution into the treatment zone, i.e., the affected well- 
bore, where the peroxide degrades the high molecular weight polymer 
on contact to a lower molecular weight. Once the polymer has been 
degraded, it is readily displaced from the treatment zone and perme- 
ability is restored therein. The process is broadly applicable as a 
remedial treatment for virtually any subterranean surface or volume 
occupied by a substantially immobile synthetic organic polymer, 
including EOR injection and * production wells, strata treated with 
polymer gels for vertical conformance, etc. 
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The present process performs significantly better than those 
described in the art cited above. The process is specific to the in 
situ degradation of a high molecular weight, water-soluble, syn- 
thetic, organic polymer. The objective can be achieved by the 
simple process of injecting a single aqueous inorganic peroxide slug 
such as hydrogen peroxide into the treatment zone. 

Hydrogen peroxide is neither harmful to the operating nor 
external environments. It is generally compatible with the metals 
found in the injection equipment and wellbore casing. Hydrogen 
peroxide decomposes to water and oxygen. The decomposition products 
present almost no environmental risk. 

In contrast, sodium hypochlorite poses a greater risk to the 
external environment because of its corrosivity. From an opera- 
tional standpoint, sodium hypochlorite treatment is undesirable 
because it can actually reduce permeabilily in the treatment zone by 
inducing additional gel formation as shown in Taggart and Russell, 
supra, or by reacting with the steel injection tubing to form a 
wellbore plugging precipitate. The sodium hypochlorite is also very 
corrosive to the steel tubing used in the injection equipment and 
casing, thereby reducing the effective lifetime of these materials. 

Brief Description of the Drawing 

Figure 1 is a graph comparing the size distribution of a par- 
tially hydrolyzed polyacryl amide before and after hydrogen peroxide 
treatment as determined by high performance liquid chromatography. 

Best Mode for Carrying Out The Invention 

The process of this invention is preferably used to treat EOR 
polymer injection wells, exhibiting excessively diminished injec- 
tivity, i.e., excessively diminished permeability at or near the 
wellbore, caused by the formation and buildup of substantially 
immobiTe high molecular weight polymers at the wellbore face, in the 
near wellbore envlroranent, or in the fracture network in communica- 
tion with the wellbore. As noted above, the process may also be 
applied to EOR production wells and other subterranean regions 
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having reduced permeability due to the accumulation of the polymer. 
Permeability is used broadly herein to mean either the permeability 
of a subterranean formation matrix or the fluid flow capacity of a 
wellbore. Thus, "diminished permeability at or near a wellbore" 
refers to both face plugging of the wellbore and permeability reduc- 
tion in the formation matrix near the wellbore. 

The process is initiated by injecting an aqueous solution con- 
taining an inorganic peroxide into the affected wellbore. Hydrogen 
peroxide is the preferred inorganic peroxide in solution at a 
concentration of from about 500 ppm to about 30% by weight and 
preferably about 1 to about 5% by weight. The preferred aqueous 
solvent is fresh water although in some instances formation water 
can be used. The pH of a hydrogen peroxide solution in fresh water 
is an inverse function of concentration. The normal pH of a hydro- 
gen peroxide solution in fresh water is acidic, i.e., below 7. 
Within the relevant hydrogen peroxide concentration range in fresh 
water, the pH ranges from almost 7 at 500 ppm to about 4 at 30%. A 
hydrogen peroxide solution in a slightly basic formation water can 
have a pH value greater than 7. Generally, the hydrogen peroxide 
solution can be injected into the wellbore without adjusting the pH 
of the solution away from its normal value. 

The quantity of hydrogen peroxide solution injected into the 
wellbore is dependent on the size of the zone to be treated. 
Generally a sufficient amount of solution is injected to contact all 
of the polymer occupying the treatment zone, which is a function of 
the volume of the wellbore itself, the pore volume and oil satura- 
tion of the surrounding rock, the void volume of any fracture 
network, the amount of polymer injected and the specific chemical 
characteristics of the polymer and wellbore environment. 

Once the peroxide solution is Injected into the wellbore it is 
preferable, but not essential to shut in the well allowing a soak 
time to maximize the amount of polymer contacted and degraded by the 
peroxide solution. The soak time can be from several minutes up to 
48 hours or more. Degradation of the polymer initiates immediately 
on contact with the peroxide. 
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AddltTves, although not necessary, can be added to the peroxide 
solution to increase the polymer degradation rate* Useful additives 
in the solution include hydroxide ions and transition metal cations i 
such as copper, iron, lead and chromium. However the beneficial 
effect of the hydroxide ions and metal cations in conjunction with 
the peroxide to degrade the polymer must be weighed against the 
adverse effect of the hydroxide ions and metal cations on the 
peroxide. They accelerate the decomposition rate of hydrogen 
peroxide to water and oxygen reducing the amount of peroxide 
available to attack the polymer. This trade-off limits the 
usefulness of these additives. 

Polymers which may be degraded according to the process include 
high molecular weight, synthetic, water-soluble, organic polymers 
having a carbon-carbon backbone. The peroxide treatment is most 
effective against polyacryl amide and partially hydrolyzed polyacryl- 
amlde, wherein the molecular weight range of the polymer Is from 
about 100,000 to about 20 minion while from about 0 to about 70% of 
the amide groups are hydrolyzed. 

Although it is not certain, laboratory data Indicate that 
peroxide attacks the carbon-carbon ^ bonds along the polymer backbone 
resulting in scission of the backbone. Backbone scission signifi- 
cantly reduces the molecular weight of the polymer, breaking it into 
smaller units, without significantly changing the chemical composi- 
tion and attributes of the functional groups on the polymer. 
Although the degraded polymer is substantially the same species as 
the originally injected high molecular weight polymer, because of 
its lower molecular weight the degraded polymer is physically too 
small to accumulate and form a stable gel in the well bore or plug 
the formation pores. Thus the lower molecular weight polymer has 
little permeability reducing effect. 

After treatment of an injection wellbore, which may Include 
more than one sequential injection of the treatment fluids. It is 
preferable to backflow out of the wellbore the treatment fluids. 
Including degraded polymer, peroxide decomposition products {water 
and oxygen), and any residual peroxide and mobilized gel, before the 
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well is placed back in service. Alternatively, .the fluids resulting 
from the treatment can be displaced avay from the near well bore out 
into the formation and produced from a production well in fluid 
communication with the injection well. In cases where it is 
necessary to place an injection well back in service immediately 
after treatment, a water spacer is preferably injected between the 
treatment fluids and the subsequently injected EOR polymers to 
prevent diffusion mixing of the peroxide and subsequently injected 
polymer. Once treatment is terminated and injectivity restored to 
the well, injection of EOR fluids via the treated injection well may 
be resumed. 

When the instant process is used to restore the productivity of 
EOR production wells plugged by high molecular weight polymers 
deposited at or near the production well bore or to restore perme- 
ability to subterranean strata intentionally treated with a polymer 
gel such as for improving vertical conformance, the same reaction 
conditions as set forth above are followed. 

The following examples show the effectiveness of hydrogen 
peroxide as a well bore treating agent for degrading high molecular 
weight polymers to lower molecular weight polymers. The examples 
illustrate specific applications of the instant invention and are 
not to be construed as limiting the scope thereof. 



Aqueous partially hydrolyzed polyacryl amide (PHPA) samples were 
placed in a series of sample jars. Either brine or fresh water 
solvents were added to the jars. The PHPA in- each sample jar was 
the same, having an average molecular weight of about 4.5 million 
and about 20% of the amide groups hydrolyzed. An aqueous hydrogen 
peroxide (H2O2) solution was added to each of the polymer samples 
except for three samples (Nos. 1, 3 and 6), which were retained as 
blanks. The dissolved contents of the sample jars were stirred 



overnight at room temperature. After 17 hours, the viscosity, 
screen factor and filtration factor of each test solution were 
measured and are recorded in Table 1 below. The column labeled 



EXAMPLE 1 
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"PHPA initial" is the weight percent concentration of PHPA in the 
initial sample placed in the jar. The column labeled "PHPA final" 
is the weight percent concentration of PHPA after the sample is 
diluted with H2O2 solution. In samples where no H2O2 Is added, the 
values for "PHPA initial" and "PHPA final" are the same. The column 
labeled "H2O2" is the weight percent concentration of H2O2 i*n the 
sample immediately after the H2O2 is added. "Filtration factor" is 
defined as the time required to filter 50 cm3 of polymer solution 
divided by the time required to filter 50 cra3 of brine. Both 
volumes were pressure filtered through a 47 mm diameter 0.22 micron 
cellulose ace1:ate Mill i pore filter at a pressure drop of 138 kPa. 

TABLE 1 

Sample PHPA PHPA H2O2 Aqueous Viscosity Screen Filtration 
Ho. Initial Final Solvent (cp) Factor Factor 



1 


-o.a 


0.20 


0 


SIW* 


12 


18 


>720 


2 


0.2 


0.18 


2.7 


SIW 


2.0 


1.2 


1.1 


3 


1.5 


1.5 


0 


fresh 


6000 


>250 


>720 


4 


1.5 


0.5 


2.0 


fresh 


1..4 


1.3 


1.2 


5 


1.5 


0.5 


2.0 


SIW 


1.4 


1.2 


1.1 


6 


6.5 


6.5 


0 


fresh 


70,000 


>250 


>720 


7 


5.5 


1,3 


2,4- 


SIW 


1.4 


1.0 


1.1 



*SIW = A synthetic oil-field injection water containing 2.6 wt.% 
total dissolved solids and 1.3 wt.% hardness. 

- Samples 1 and 2 were analyzed via size-exclusion high perfor- 
mance liquid chromatography (HPLC) prior to filtration. The results 
of HPLC are shown in Figure 1. Sample 1 has two peaks; the high 



molecular weight PHPA eluted first followed by all the low molecular 



weight material in the sample. H2O2 treated Sample 2 has only one 
peak corresponding to low molecular weight material. The dissolved 
solids in Sample 4 were analyzed by infrared (IR) after filtration. 
The solids exhibit the sameIR properties as PHPA. 
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Exaraple 1 indicates the ability of the H2O2 to degrade all the 
high molecular weight PHPA to lower molecular weight PHPA as evi- 
denced by the HPLC and IR analytical results. IR analysis tends 
to confirm that the mechanism for polymer degradation Is backbone 
scission, which does not substantially change the functional groups 
on the polymer. 

EXAMPLE 2 

A backflowed gel was obtained from an oil field PHPA injection 
well. The gel contained PHPA similar to that of Example 1 in a 
concentration of 6500 ppm. In addition, the gel contained approxi- 
mately 150 ppm of elemental iron and amounts of sand and other 
materials. An H2O2 solution was added to the gel of Sample 2 while 
none was added to Sample 1. The two samples were stirred overnight 
at room temperature. The viscosity, screen factor and filtration 
factor were measured and are recorded in Table 2 below. Filtration 
factor was determined in the same manner as Example 1 except that 
0.6 micron polyvinyl chloride Polyvic Millipore filters were used. 

TABLE 2 

Sample PHPA Gel H2O2 Viscosity Screen Filtration 

No. (wt.% in sample) (% by wt.) (cp) Factor Factor 



1 100 0 >1800 »1000 »1000 

2 90 3 1.5 1.0 270 



EXAMPLE 3 

Solid pieces, containing about 50% by weight of cross-linked, 
polyacryl amide, were immersed in different samples of aqueous 
solutions. The quantities were such that the concentration of 
polyacryl amide in the sample would be 10% by weight when dissolved, 
in the solution. The sample solutions contained varying amounts of 
H2O2 and were maintained at atmospheric pressure and room tempera- 
ture until substantially all of the solid polyacryl amide was 
dissolved. Samples 1-3 were stirred well. Samples 4 and 5 were not 
stirred at all. Filtration factor was determined in the manner of 
Example 1. Samples 1-3 were filtered via a 0.22 micron mixed 
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cellulose acetate and cellulose nitrate Mil 11 pore filters while 
Samples 4 and 5 were filtered via a 0*6 micron polyvinyl chloride 
Polyvic MIlHpore filter. The results are recorded in Table 3 
below. The H2O2 concentration Is the Initial concentration. It 
diminished with contact time. 

In Sample 1, the H^Og concentration was restored to 3S after 22 
hours. In Sample 4, the solid was broken up Into 20 small pieces 
while In Sample 5 the solid was a single piece. In Samples 1-5, all 
of the solid had dissolved prior to the specified contact time 
(prior to 22 hours in Sample 1). 

TABLE 3 

Sample H2O2 Contact Viscosity Screen Filtration 

No. {% by wt.) Time (cp) Factor Factor 

(hrs) 



1 


3.0 


22 


4.3 


14 


>50 






44 . 


2.5 


1.7 


>50 


2 


3.0 


46 


3.3 


1.9 


>50 


3 


10.0 


22 


1.5 


1.5 


15 


4 . 


10.0 


18 


2.3 


2.3 


3.4 


5 


10.0 


18 


2.6 


2.2 


3.5 



EXAMPLE 4 

Two PHPA injection wells of the type in Example 2 experienced 
diminished injectivity as shown below in Table 4. Injectivity is 
expressed in liters per day at 6900 kPa injection pressure. 9500 
liters of 5% H2O2 aqueous treatment solution were injected into each 
well. After injection of the treatment fluids and a soak period, 
the treatment fluids were back flowed. The wells were then put back 
on water injection. The injectivity results are shown below in 
Table 4. ^. ^ 
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Injectivity before treatment: Well 1 ■ 4,600 

Well 2 = 4,700 

Elapsed Time After Weill Well 2 

Water Injection Resumed Injectivity Injectivity 

(days) 



0.1 


14,000 


11,000 


0.2 


17,000 


15,000 


0.3 


36,000 


20,000 


0.9 


13,000 


9,300 


4 


11,000 


7,600 


5 


10,000 


7,600 


10 


10,000 


7,200 



The wells appear to have stabilized after approximately 5 
days. Water injection into both wells at this point is around twice 
the pretreatment injection rates. The first 9500 liters of the 
fluid back flowed immediately after treatment were clear, containing 
no gel and only small amounts of oil. Additional fluids backflowed 
after the first 9500 liters contained a small amount of gel. The 
appearance of small amounts of gel in the backflowed fluids 
indicates that only the PHPA gels directly contacted by the 
treatment fluid are degraded. 

EXAMPLE 5 . 

Aqueous samples, containing 1.95% by weight PHPA of Example 1, 
were treated with different hydrogen peroxide solutions or oxygen- 
containing gases. The gases were bubbled through the PHPA test 
solutions. The weight ratio of PHPA solution to hydrogen peroxide 
solution was 1:1. In the gas tests, distilled water was added to 
the PHPA solution in a 1:1 weight ratio. The PHPA was contacted by 
the treatment chemical at room temperature for 20 hours and then 
analyzed for viscosity, screen factor and filtration factor in the 
manner of Example 1. 0.6 micron Polyvic Millipore filters were used 
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for the filtration factor tests at a pressure .drop of 69 kPa. The 
results are recorded below In Table 5. 

TABLE 5 



Treatment 
Solution 


Viscosity 

(CP) 


Screen 
Factor 


Filtration 
Factor 


blank (no treatment chenlcal) 


>2000 


»240 


»80 


6.0% H2O2 


1.6 


1.4 


2.9 


3.0% H2O2 


1.7 


1.9 


3.5 


1.0% H2O2 


3.0 


1.9 


4.7 


Oxygen 


>2000 


»240 


»80 


Air 


>2000 


»240 


»80 



It is apparent that hydrogen peroxide is effective in degrading 
the PHPA while oxygen-containing gases are ineffective in degrading 
the PHPA, 

EXAMPLE 6 

A fired Berea Sandstone plug, 7.6 cm long and 2.5 cm in 
diameter having a permeability of 100 md, was sequentially flooded 
with the fluids set forth in Table 6. The fluid flood was carried 
out at 22**C and at a fluid pressure of 2800 kPa. Pressure taps were 
set over the first and second halves of the plug's length to deter- 
mine the respective permeability reduction over the halves. The 
results are recorded below in Table 6. All flooding fluid concen- 
trations are in weight %. The PHPA is that of Example !• Fluid 
volume is the pore volumes of flooding flood fluid in each 
sequence. Permeability reduction is expressed as ^f^^^i^ 

•^initial' 



BEST AVAIUBLE COPY 

OMH. 



wo 85/04213 



r Vi 1 / u of>4/ uxoo / 



-13- 



TABLE 6 

Sequence Flooding Fluid Permeabi 1 i ty Reducti on Frontal Advance 

No. Fluid Volume 1st Half dnd Half Rate 
of Plug of Plug (m/day) 

1 1.03; NaCl 50 1.00 1.00 130 

2 0.1% PHPA 50 — — 32 
in 1% NaCl 

3 1,0% NaCl • 70 0.15 0.16 130 

4 3.0S H2O2 13 — — ' 21 

5 1,0% NaCl 50 0.96 0.80 130 

PHPA flooding in Sequence 2 resulted in an excessive perme- 
ability reduction due to the accumulation of residual PHPA in the 
core plug. Virtually all of the permeability was restored to the 
first half of the plug by H2O2 treatment in Sequence 4 while 80% of 
the permeability was restored to the second half of the plug. 

EXAMPLE 7 

Three small wide-mouth sample bottles were packed with sections 
of metal tubing, having an outside diameter of 0,64 cm. The 
ranaining volume of the bottles was filled with Clorox, a trademark 
of the Clorox Co., for a 5.25% by weight sodium hypochlorite 
solution, having an adjusted pH of 9, The experiments were carried 
out at room temperature. 

The metal tubing in the first sample was carbon steel. Within 
minutes, large amounts of a voluminous brown precipitate formed and 
continued forming until more than two hours had elapsed. Monel 
metal tubing in the second sample produced similar results except 
that the precipitate was black and slightly less voluminous. Monel 
is a trademark for an alloy containing about 67% Ni, 28% Cu, 1-2% Mn 
and 1.9-2.5% Fe by weight. 316 stainless steel tubing was in the 
third sample. Little reaction was noted even after several days had 
elapsed. 
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It is apparent that sodium hypochlorite readily attacks and 
corrodes carbon steel and Monel, which are commonly used in the oil 
fields, to form metal oxidation products. These precipitates are 
capable of effectively plugging a subterranean formation. Similar 
laboratory experiences vrith hydrogen peroxide and the above metals 
indicate that the peroxide is not nearly as corrosive as the sodium 
hypochlorite^ 

While the foregoing preferred embodiment of the invention has 
been described and shown, it is understood that all alternatives and 
modifications, such as those suggested and others, maiy be made 
thereto and fall within the scope of the invention. 
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CLAIMS 



I claim: 



!• A process for restoring permeability at or near a well bore 
in iHuid communication with a subterranean formation, the perme- 
ability at or near the well bore reduced by a high molecular weight, 
water-soluble, synthetic, organic polymer accumulated at the well- 
bore face, near the well bore, or in the well bore fracture network, 
the process comprising the steps of: 

injecting an aqueous solution containing an inorganic peroxide 

into the well bore; and 

contacting the high molecular weight polymer with the inorganic 
peroxide until at least a portion of the high molecular weight 
polymer is degraded to a lower molecular weight to substantially 
restore the permeability at or near the well bore. 

2. The process of Claim 1 wherein the polymer is a polyacryl- 
amide or a partially hydrolyzed poly aery 1 amide. 

3. The process of Claim 1 wherein the inorganic peroxide is 
hydrogen peroxide. 

4. The process of Claim 3 wherein the concentration of the 
hydrogen peroxide in the solution is from about 500 ppm to about 30% 
by weight. 

5. The process of Claim 4 wherein the concentration of the 
hydrogen peroxide in the solution is from about 1 to about 5% by 
weight. 

6. The process of Claim 1 wherein the aqueous solvent in said 
aqueous solution is fresh water. 

7. The process of Claim 1 wherein transition metal cations 
selected from the group, consisting of lead, chromium, iron, copper, 
and mixtures thereof,, are added to the aqueous solution. 

8. The process of Claim 1 wherein hydroxide ions are added to 
the aqueous solution. 

9. The process of Claim 1 wherein said well bore is an oil 
production well bore. 
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10. A process for restoring the injectivily of an injection 
wellbore used to inject a high molecular weight, water-soluble, 
synthetic, organic polymer in an oil recovery process, the wellbore 
in fluid conununication with a subterranean oil-bearing formation, 
the injectivity of the wellbore reduced by the polymer accumulated 
at the wellbore face, near the wellbbre or in the wellbore fracture 
network, the process comprising the steps of: 

injecting an aqueous solution containing an inorganic peroxide 

into the injection wellbore; 

contacting the high molecular weight polymer with the inorganic 
peroxide until at least a portfon of the high molecular weight 
polymer is degraded to a lower molecular weight to substantially 
restore the injectivity of the wellbore. 

11. The process of Claim 10 wherein the polymer is a polyacryl- 
amide or a partially hydrolyzed polyacryl amide. 

12. The process of Claim 10 wherein the inorganic peroxide is 

hydrogen peroxide. 

.13. The process of Claim 12 wherein the concentration of the 
hydrogen peroxide in the solution is from about 500 ppm to about 30% 
by weight. 

14. The process of Claim 13 wherein the concentration of the 
hydrogen peroxide in the solution is from about 1 to about 5% by 
weight. 

15. The process of Claim 10 wherein the aqueous solvent in said 

aqueous solution is fresh water. 

16. The process of Claim 10 wherein transition metal cations 
selected from the group, consisting of lead, chromium, iron, copper, 
and mixtures thereof, are added to the aqueous solution. 

17. ; The process of Claim 10 wherein hydroxide ions are added to 

the aqueous solution. 

18. The process of Claim 10 wherein the wellbore is shut-in for 
a soak i:irae after the aqueous solution is injected into the wellbore 
and the oil recovery process is resumed after the soak time. 

19. A process for restoring the permeability, of a zone in a 
subterranean formation wherein the permeability of the zone is 
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reduced by the presence therein of a high molecular weight, water- 
soluble, synthetic, organic polymer, the process comprising: 

injecting an aqueous solution containing an inorganic peroxide 
into the zone; and 

contacting the high molecular weight polymer with the inorganic 
peroxide until at least a portion of the high molecular weight 
polymer is diegraded to a lower molecular weight polymer to substan- 
tially restore the relative permeability of the zone, 

20. The process of Claim 19 wherein the inorganic peroxide is 

hydrogen peroxide* 

21. The process of Claim 19 wherein the polymer is a poly aery 1- 
amide or a partially hydrolyzed polyacryl amide. 

22. All inventions described herein. 
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AMEND^CLAIMS 
[received by the Intemational Bureau on 25 June 1985 (25.06.85); 
QQginal daims 1, 2, 10^ 1 1, 19 and 21 amended; claims 23-27 new; 

other claims unchanged (3 pages)] 



1. A process for restoring permeability at or near a well bore 
in fluid communication with a subterranean formation, the perme- 
ability at or near the well bore reduced by a high molecular weight, 
synthetic, organic polymer accumulated at the well bore face, near 
the well bore, or in the well bore fracture network, the process 
comprising the steps of: 

injecting an aqueous solution containing an inorganic peroxide 
into the well bore; and 

contracting the high molecular weight polymer with the inorganic 
peroxide until at least a portion of the high molecular weight 
polymer is degraded to a lower molecular weight polymer to 
substantially restore the permeability at or near the well bore. 

2. The process of Claim 1 wherein the high molecular weight 
polymer is a po 1 y aery 1 amide or a partially hydrolyzed 
poly aery 1 amide. 

3. The process of Claim 1 wherein the inorganic peroxide is 
hydrogen peroxide. 

4. The process of Claim 3 wherein the concentration of the 
hydrogen peroxide in the solution is from about 500 ppm to about 30% 
by weight. 

5. The process of Claim 4 wherein the concentration of the 
hydrogen peroxide in the solution is from about 1 to about 5% by 
weight. 

6. The process of Claim 1 wherein the aqueous solvent in said 
aqueous solution is fresh water. 

7. The process of Claim 1 wherein transition metal cations 
selected from the group, consisting of lead, chromium, iron, copper, 
and mixtures thereof, are added to the aqueous solution. 

8. The process of Claim 1 wherein hydroxide ions are added to 
the aqueous solution. 

9. The process of Claim 1 wherein said well bore is an oil 
production well bore. 
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10. A process for restoring the injectivity of an injection 
wellbore used to inject a high molecular weight, synthetic, organic 
polymer in an oil recovery process, the wellbore in fluid communica- 
tion with a subterranean oil-bearing formation, the Injectivity of 
the wellbore reduced by the polymer accumulated at the wellbore 
face, near the wellbore or in the wellbore fracture network, the 
process comprising the steps of: 

injecting an aqueous solution containing an inorganic peroxide 

into the injection wellbore; 

contacting the high molecular weight polymer with the inorganic 
peroxide until at least a portion of the high molecular weight 
polymer is degraded to a lower molecular weight polymer to substan- 
tially restore the injectivity of the wellbore. 

11. The process of Claim 10 wherein the high molecular weight 
polymer is a polyacryl amide or a partially hydrolyzed 
poly aery 1 ami de. 

12. The process of Claim 10 wherein the inorganic peroxide is, 

hydrogen peroxide. 

13. The process of Claim 12 wherein the concentration of the 
hydrogen peroxide in the solution is from about 500 ppm to about ZQ% 
by weight. 

14. The process of Claim 13 wherein the concentration of the 
hydrogen peroxide in the solution is from about 1 to about 5% by 
wei ght. 

.15. The process of Claim 10 wherein the aqueous solvent in said 
aqueous solution is fresh water. 

16. The process of Claim 10 wherein transition metal cations 
selected from the group, consisting of lead, chromium, iron, copper, 
and mixtures thereof, are added to the aqueous solution. 

17. The process of Claim 10 wherein hydroxide ions are added to 

the aqueous solution. 

18. The process of Claim 10 wherein the wellbore is shut-in for 
a soak time after the aqueous solution is injected into the wellbore 
and the oil recovery process is resumed after the soak time. 

19. A process for restoring the permeability of a zone in a 
subterranean f ormati on wherei n the permeabi 1 i ty of the zone i s 

* * ^ 
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reduced by the presence therein of a high molecular weight, 
synthetic, organic polymer, the process comprising: 

injecting an aqueous solution containing an inorganic peroxide 

into the zone; and 

contacting the high molecular weight polymer with the inorganic 
peroxide until at least a portion of the high molecular weight 
polymer is degraded to a lower molecular weight polymer to substan- 
tially restore the relative permeability of the zone. 

20. The process of Claim 19 wherein the inorganic peroxide is 

hydrogen peroxide. 

21. The process of Claim 19 wherein the high molecular weight 
polymer is a poly acryl amide or a partially hydrolyzed 
poly acryl amide. 

22. All inventions described herein. 

23. The process of Claim 2 wherein the high molecular weight 
polymer is in the form of a gel. 

24. The process of Claim 1 further comprising the step of 
displacing the lower molecular weight polymer away from the well- 
bore. 

25. The process of Claim 10 wherein the high molecular weight 
polymer is in the form of a gel. 

26. The process of Claim .10 further comprising the step of 
displacing the lower molecular weight polymer away from the well- 
bore. 

27. The process of Claim 19 wherein the high molecular weight 
polymer is in the form of a gel. 
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